identifying critical elements of habitat quality or connectivity that can be restored sufficiently to 50 achieve population viability (Miller and Hobbs 2007) . 51
In western North America, anadromous fishes have declined over significant portions of 52 their range (Gustafson et al. 2007 ). Changes to habitat quality and the amount of accessible 53 habitat are principal factors that are commonly thought to threaten anadromous fishes (Gregory 54 and Bisson 1997; Parrish et al. 1998 ). As anadromous salmonids may have a significant 55 influence on freshwater ecosystems via the delivery of marine-derived nutrients from spawning 56 fishes, declines in anadromous populations can further accelerate changes to habitat quantity and 57 quality (Gende et al. 2002) . The resulting loss of marine-derived organic matter and nutrients 58 can limit primary and secondary production of stream organisms (Naiman et al. 2002) and 59 D r a f t D r a f t food abundance is often viewed as a limiting factor for salmonid populations (Mason 1976 ;D r a f t D r a f t fishes, or 3) a combination of both direct and indirect pathways. As salmonids in streams are 86 primarily drift-feeding predators, they acquire energy by capturing invertebrates drifting in the 87 water column (Keeley and Grant 1995; Macneale et al. 2010 ; Gunnarsson and Steingrímsson 88 2011). Assessing changes to habitat quality for drift-feeding predators in streams can be 89 complicated by seasonal changes in water flow, temperature, and drift abundance that may 90 constrain significant portions of the year where fish can acquire energy and grow (Rosenfeld 91 2003) . Understanding how these primary factors interact to influence whether a positive energy 92 budget is achieved in habitats available to stream salmonids is critical to understanding whether 93 potential improvements to habitat quality, such as nutrient supplementation, will yield significant 94
benefits. 95
As is the case for almost all ectothermic animals, metabolic rate, energy consumption, 96 and growth in salmonid fishes are strongly dependent on temperature conditions that fluctuate 97 seasonally and daily in natural habitats (Elliott 1994 ). Bioenergetic models offer a way of 98 capturing how temperature, food availability, and energetic costs of foraging in flowing water 99 interact to influence habitat quality for salmonids in streams. Bioenergetic models for stream 100 fishes evaluate the energetic trade-offs that exist from foraging in flowing water environments, 101 such that individuals seek to maximize the energy they obtain from the environment in an 102 attempt to increase their fitness through improved growth, survival, and reproductive rates. By 103 applying energetic calculations to such estimates, measures of habitat quality can be used to 104 determine whether habitat conditions fall within a range needed for metabolic processing of food 105 and production of growth (Jenkins and Keeley 2010; Urabe et al. 2010) . 106
In this study, we applied bioenergetic calculations to estimate habitat quality for salmonid 107 fishes in streams. As nutrient addition studies are commonly predicted to improve habitat 108 Creek, were included as control streams and did not receive treatment with SCA, but were 144 divided into study segments and monitored in the same way as treatment streams (see 145
Supplemental Table 1 for stream characteristics). Application treatments of SCA were based on 146 previous evaluations that used comparable loading rates for the low treatment (Kohler et al. 147 2008) and a higher loading rate (0.15 kg·m -2 ) to evaluate the potential for differential responses 148 to variable application rates, higher loads applied in other studies (Kohler et al. 2012) , and to 149 better approximate historical returns of anadromous salmonid biomass to Idaho streams. 150
Treatments were applied manually in a spatially uniform, albeit patchy, manner across the 151 downstream segment of each treatment stream. Disturbance to the stream benthos during the 152 application process was minimal and associated with wading into haphazard locations along the 153 D r a f t D r a f t stream segment to soak and empty SCA bags during application. Treatment materials (i.e., SCA 154 pellets) subsequently dispersed over short distances and within minutes were either observed to 155 be retained by course substrate and woody matter or settled into depositional habitats (e.g., 156 pools). The SCA used as treatment in this study was produced using marine fish bone meal and 157 based on the formulation described by (Pearsons et al. 2007 ). This pasteurized product is in a 158 pelletized form, each pellet weighing approximately 1 g and measuring 9 mm in diameter. Pellets 159 contained approximately 50% crude protein, 7% crude fat, 9% nitrogen (N), and 1.8% 160 
If GEI ≥ C max , then: NEI = C max · E i -SC. For each prey size class i, we entered: the maximum 215 capture area (MCA i ), average velocity at a fish focal point (V ave ), the drift density (DD i ), the 216 probability of prey capture (PC i ), the energy acquired from a food item (E i ), the cost of capturing 217 the prey item (CC i ), the swimming costs associated with holding position in the stream (SC), and 218 the time spent handling a prey item (t i ). In our study we used 20 size classes of prey, ranging in 219 after dawn or two hours before dusk to reduce the effect of the diel periodicity of invertebrate 246 drift (Smock 1996) and to include the time of day when salmonids are actively feeding on 247 drifting invertebrates. At the center of the drift nets, current velocity (± 1cm·s -1 ) and the depth (± 248 1 cm) of the water flowing through the net were recorded to determine the volume of water 249 sampled by each net over a 30 minute sampling period. After a sample was collected, the catch 250 was transferred to a plastic bag and preserved in 5% formalin. To compare the size and 251 abundance of invertebrates across sites and over time, samples were sorted to remove detritus 252 and retain intact invertebrates. To estimate size and abundance of invertebrates in a sample, 253 individual invertebrates were identified to the order or family level of taxonomy and then 254 measured for length and width (±0.01 mm) using a dissecting microscope equipped with a 255 digitizing system. 256
As estimates of the physical habitat characteristics within study sites, we sampled stream 257 habitat at monthly intervals across all study sites. We measured the availability of stream habitat 258 by transecting the stream at three locations in each study section (see experimental design 259 above). We measured current velocity (± 1 cm·s -1 ) and stream depth (± 1 cm) across the width of 260 each transect at 25 cm intervals using a calibrated wading rod and current velocity meter. 261
Estimates of NEI and the proportion of suitable habitat 262
As foraging area, prey size, and energetic demands are strongly related to body size in 263 our bioenergetic calculations, we estimated NEI rates for three size classes of salmonids (5 cm, 264 10 cm, and 15 cm) in treatment and control streams. Because the study streams were used as 265 representative rearing streams for juvenile Chinook salmon and steelhead trout, we used these 266 the study streams. NEI estimates were used to estimate the number of sites along a transect 283 capable of provisioning a fish with a reduced ration level of food intake. We converted the 284 minimum mass of food required to achieve a reduced ration intake level into energy units (NEI; 285 Elliott (1976) . We used 8 h as a conservative estimate for the average amount of time that a fish 290 would have to effectively forage over the course of a day and acquire sufficient energy to meet a 291 reduced ration level of intake. These calculated estimates of energy requirements were then used 292 to assess the proportion of habitat with NEI values from treatment and control streams capable of 293 supplying at least a reduced ration for fish of three size classes. As before, we averaged 294 proportions across transects within each 100 m sub section site and then sites within streams to 295 represent the response in each control versus SCA treated stream for statistical analyses. 296
Statistical analyses 297
We evaluated changes to response variables over the four month monitoring period (July 298 to October) in 2010 and 2011 using a mixed-model repeated-measures analysis of variance (RM-299 ANOVA). As we considered the response over two years, using two four-month periods, we 300 treated the difference between years as a random effect in our statistical model and treatment 301 categories (control, low SCA, or high SCA) as well as specific months of the year as fixed 302 factors. We modeled the covariance structure across repeated observations on the same 303 experimental units assuming a correlated covariance structure (CS), uncorrelated (UN), first-304 order autoregressive (AR), or heterogeneous first-order autoregressive (ARH) variance structure 305
and selected the best model fit among candidate models using a corrected Akaike's information 306 criterion (AICc) following the procedures described by Littell et al. (2006) across treatment and control streams (Fig. 2 , RM-ANOVA, F 3, 37.3 = 6.54, P = 0.0011). We did 338 not detect any significant interaction between treatment levels and time (RM-ANOVA, F 6, 40.1 = 339
1.51, P = 0. 20), or any between year effect on invertebrate drift abundance (RM-ANOVA, z = 340 1.05, P = 0.15). Six invertebrate categories made up about 86% of the invertebrates captured in 341 the drift samples, and included Chironomidae (14.1%), Diptera (38.9%, adults and pupae), 342 Trichoptera (3.7%), Ephemeroptera (17.6%), Coleoptera (4.8%), Plecoptera (2.0%), and 343
Simuliidae (4.8%). Another 14% of the drift was composed of small proportions of other 344 categories, including, Arachnida, Collembolla, Copepoda, Haplotaxida, Hemiptera, Lepidoptera, 345
Megaloptera, Nematoda, Odonata, and Orthoptera. Abundance of Chironomidae mirrored the 346 overall increases and then decline of invertebrates from July to September -October (Fig. 3a,  347 RM-ANOVA, F 3, 35.6 = 8.13, P = 0.0003). Chironomidae abundance in treated streams showed a 348 peak over control streams in September (Fig. 3a, F 2 , 49 = 4.42, P = 0.017). Similar changes were 349 observed for Diptera adult and pupal stages over the four months (Fig. 3b , RM-ANOVA, F 3, 38.8 350 = 8.47, P = 0.0002), with a significant peak during September in SCA treated streams over 351 control streams (Fig. 3b, F 2 , 58.9 = 4.42, P = 0.0038). Of the remaining taxa that made up the 352 predominant proportions in the drift, no others indicated a significant response to SCA addition 353 over control streams ( Fig. 3c to g Average NEI values in treatment and control streams declined over the course of four 364 months for 5 cm ( Fig. 4a ; RM-ANOVA, F 3,15 = 30.76, P < 0.0001), 10 cm ( Fig. 4b; RM-365 ANOVA, F 3,15 = 23.01, P < 0.0001), and 15 cm fish ( Fig. 4c ; RM-ANOVA, F 3,15 = 32.29, P < 366 0.0001). Prior to SCA addition in July and August, NEI estimates were largely overlapping 367 between stream categories. Although NEI values for SCA treated streams tended to increase over 368 control streams following fertilization in September and October, we could not detect any 369 difference among streams as a result of treatment conditions for 5 cm ( Fig. 4a ; RM-ANOVA, 370 F 2,17 = 0.22, P = 0.81), 10 cm ( Fig. 4b ; RM-ANOVA, F 2,17 = 0.01, P = 0.99), or 15 cm fish (Fig.  371 4c; RM-ANOVA, F 2,17 = 0.89, P = 0.52). No significant interactions between month and 372 treatment conditions were detected for any size class of fish (Fig. 4a -c The mean proportion of habitat available that had NEI values > 0 were similar across 376 treatment and control streams, but tended to increase slightly following the introduction of SCA 377 in treatment streams during September (Fig. 5a-c) . Despite this increase, there was no significant 378 effect of SCA on the proportion of foraging sites with NEI values > 0 for 5 cm ( Fig. 5a ; RM-379 D r a f t D r a f t change significantly over the four months for 5 cm ( Fig. 5a ; RM-ANOVA, F 3,15 = 17.31, P < 382 0.0001), and10 cm fish ( Fig. 5b ; RM-ANOVA, F 3,15 = 6.76, P = 0.0042), but not for 15 cm fish 383 ( Fig. 5c ; RM-ANOVA, F 3,15 = 2.06, P = 0.15). There was no significant interaction between 384 month and treatment effects (Fig. 5a -c When we used NEI calculations to estimate the proportion of suitable habitat that met the 387 requirements for a reduced ration level of energy intake, we could not detect any effect of SCA 388 addition to treatment over control stream sites. The proportion of habitat that met the 389 requirements for a reduced ration of energy intake did not differ among treatment and control 390 streams, whether we considered this for 5 cm (Fig. 6a , RM-ANOVA, F 2, 17 = 0.46, P = 0.64), 10 391 cm (Fig. 6b , RM-ANOVA, F 2, 17 = 0.49, P = 0.62) or 15 cm fish (Fig. 6c , RM-ANOVA, F 2, 17 = 392 0.47, P = 0.63). Although the proportion of suitable habitat did decline significantly over the 393 course of the four months for 5 cm (Fig. 6a , RM-ANOVA, F 3,15 = 29.33, P < 0.0001), 10 cm 394 (Fig. 6b , RM-ANOVA, F 3,15 = 62.35, P < 0.0001), and 15 cm fish (Fig. 6c , RM-ANOVA, F 3,15 = 395 72.89, P < 0.0001), there was no significant interaction between month and treatment levels for 396 all size classes of fish (Fig. 6a -c and 15 cm size classes of fish (Fig. 8) . 432
Application of low SCA treatment resulted in a 10 to 20% increase over control streams 433 in the number of foraging sites with positive NEI values in September for all size classes of fish 434 (Fig 9a-c) . Higher levels of SCA application resulted in a 20 to 35% increase for the three size 435 classes of fish in September (Fig. 9d-f) . Little or no effect of SCA treatment was estimated in 436
October, due to the constraining effect of cold water temperatures. Simulated changes in 437 invertebrate drift abundance above the levels measured from experimental treatment responses 438 indicated larger responses in the proportion of habitat with positive NEI values. Simulated two to 439 ten-fold increases in invertebrate drift over the low SCA treatment dramatically increased the 440 number of sites with NEI > 0, with a 40 to 50% increase over control streams in September (Fig.  441 9 a-c), and more moderate increases of 1 to 5% for October (Fig. 9 a-c) . Simulated two to ten-442 fold increases in invertebrate drift over the high SCA treatment also appeared to increase the 443 number of sites in September; however, increases tended to level off after a four-fold increase in 444 drift abundance (Fig. 9d-f) . Slightly higher increases in October were estimated for high SCA 445 treatment conditions in comparison to the low SCA treatment (Fig. 9d-f) . 446
Discussion 447
In this study, we examined the effect of organic matter and nutrient supplementation from additions improved habitat quality for stream salmonids; however, this effect was short-term and 520 only evident after controlling for physical factors (i.e., temperature and discharge). Short-term 521 increase in invertebrate abundance and biomass, especially pronounced in multivoltine taxa (e.g., 522
some Chironomidae), is commonly observed in studies evaluating benthic invertebrate response 523 to marine-derived subsidies such as salmon carcasses and SCA additions (Wipfli et al. 1998 ; 524 the goal of SCA addition is to provide increases in habitat quality for salmonid fishes by 544 increasing invertebrate drift availability, then larger increases in drift abundance will be needed 545 before bioenergetics modeling predicts significant gains in NEI and associated habitat quality. 546
We suggest future studies incorporate both indirect (e.g., increased invertebrate drift) and direct 547 (e.g., consumption of carcass or analog material) pathways into evaluations of habitat quantity 548 and quality. 549
Unlike the changes we observed for invertebrate drift abundance, stream discharge and 550 temperature accounted for a much larger proportion of the variability in habitat quality for 551 salmonids than was evident when comparing the change in habitat quality over the course of a 552 growing season. The amount of energetically suitable habitat tended to decrease with increasing 553 stream discharge for all size classes of fish. High discharge rates may decrease the availability of 554 suitable habitat because water velocity can exceed the swimming and prey capture abilities for 555 fish of a given size. Smaller fish, in particular, tended to be more strongly constrained by 556 discharge, probably because they are often limited to the slower margins of stream flow. Larger 557 fish have stronger swimming abilities and can exploit a wider range of current velocities, but 558 they too may be unable to exploit the fastest areas of stream current if the costs of capturing prey 559 are too high (Bjornn and Reiser 1991) . In each year of our study, temperature constrained habitat 560 quality, particularly in October when cold water limited the metabolic scope of fish to process 561 food. As ectotherms, salmonids can be limited to the seasonal window where water temperature 562 is warm enough to permit fish growth, typically this is thought to occur when warmer 563 temperatures arrive in spring and lasts until late summer or early fall (Ultsch 1989 
